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(54) LYOPHILIZED HGF PREPARATIONS 

(57) The invention relates to a lyophilized HGF 
preparation prepared by lyophilizing an aqueous solu- 
tion containing HGF, arid a lyophilized HGF preparation 
containing a stabilizer, sodium chloride, a buffer, and/or 
a surface active agent According to the invention, HGF 
can be stabilized, and it can be stored for a long period. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a lyophilized HGF preparation obtained by lyophilizing a solution containing HGF 
(hepatocyte growth factor). More particular, it relates to the lyophilized HGF preparation containing at least one of sta- 
bilizer, sodium chloride, buffer or surface active agent. The invention hence presents a stabilized preparation of HGF 
that can be stored for a long period, 

w BACKGROUND AFft 

HGF is a protein that enhances proliferation of liver parenchyma cells, and proteins having different amino acid 
sequences have been reported, and are known in the names of HGF. TCF, SCF, etc. In the invention, these known pro- 
teins having hepatocyte growth activity are collectively called HGF 

is HGF is a physiological active peptide showing various pharmacological actions, and its pharmacological actions 
are reported, for example, in Experimental Medicine (Japan), Vol. 10, No. 3 (extra issue), 330-339 (1992). Owing to its 
pharmacological actions, HGF is expected to be developed as agent for liver cirrhosis, agent for kidney disease, epithe- 
lial cell growth promoter, cardnostatic agent, side effect inhibitor for cancer therapy, agent for lung disorder, agent for 
gastroduodenal lesion, agent for cerebral and nervous disorder, agent for relieving side effects caused by immunosup- 

20 pressants. collagen decomposition promoter, agent for cartilage disorder, agent for arterial disease, agent for lung 
fibroid, agent for liver disease, agent for abnormal blood clotting, agent for hypoproteinemia, wound cure agent, improv- 
ing agent for nervous disorder, hematopoietic stem cell promoter, hair growth promoter, etc. (Japanese Laid-open Pat- 
ent No. 4-18028, Japanese Laid-open Patent No. 4-49246. EP No. 492614, Japanese Laid-open Patent No. 6-25010, 
WO 93/8821 , Japanese Laid-open Patent No. 6-1 72207, Japanese Laid-open Patent No. 7-89869, Japanese Laid-open 

25 Patent No. 6-40934. WO 94/2165, Japanese laid-open Patent No. 6-40935, Japanese Laid-open Patent No. 6-56692. 
Japanese Laid-open Patent No. 7-41429. WO 93/3061, Japanese Laid-open Patent No. 5-213721, etc.). 

Preparations of HGF are disclosed in WO 90/10651 and Japanese Laid-open Patent No. 6-247872. "mis publica- 
' tion Of WO 90/1 0651 discloses a deletion type HGF (dLeHGF) deleting five residues of amino acid from HGF. and it is 
named TCFII. This specification shows that HGF is stabilized by albumin, human serum, gelatin, sorbitol, mannftol, xyl- 

30 itol, etc. But it relates to aqueous solution preparations, and HGF is stabilized in an aqueous solution. The publication 
of Japanese Laid-open Patent No. 6-247872 unveils a preparation having HGF contained at high concentration by coex- 
istence of basic amino adds and HGF (TCF). 

Generally, the protein is not so stable in freezing operation (Proiein, Nudeic Add, Enzyme (Japan), 37(9). 1517. 
1992). The stabilizer of protein in an aqueous solution is intended to stabilize by mutual action of water molecule and 

35 protein. Therefore, in a lyophilized preparation of protein in the absence of water, the stabilizer of protein tor an aqueous 
solution shows no stabilizing effect in most cases (Protein, Nucleic Acid, Enzyme (Japan), 37(9). 1517, 1992). 

On the other hand, nothing has been known about lyophilized HGF preparation, and it could not expected how far 
the lyophilized HGF preparation would show physical and biological stability. 

The aqueous solution preparation of HGF itself is. when stored at low temperature or room temperature for several 

-to days, changed in properties, showing aggregation, turbidity and gelation, and forms variants and polymers, and it is low 
in physical stability and is lowered in biological activity, and hence it is lew in stability of bidogical activity and is not a 
stable preparation suited long-term storage. It has been a fatal point for development of HGF as medicines or animal 
drugs in a form of injection preparation. The invention solves the above-mentioned problems. That is, it is an object of 
the invention to present a stable preparation which can store tor a long period as medicines for medical treatment or 

45 animal drugs. 

DISCLOSURE OF THE INVENTION 

The invention relates to a lyophilized HGF preparation. This lyophilized HGF preparation may contain a stabilizer 
so such as glycine, alanine, sorbitol, mannitol, and dextrart sulfate, or may contain a buffer such as citrate. 

Other invention of the present invention relates to a lyophilized HGF preparation containing stabilizer, sodium chlo- 
ride, buffer and surface active agent. 

In the lyophilized HGF preparation of the invention, HGF is stabilized and can be stored for a long period. 

55 The Best Mods for carrying out the Invention 

As HGF used in the present invention, there can be used one which prepared by various methods if it is purified to 
an extent that it can be used as a medicine. 
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« c ia HGF can be obtained by extraction and purification 

various methods are known tor preparing HGF For example. ^ leuco ^,, 

, ro m organs (e.g. liver, spieen. lung ^ ^^"JJSS^ the *L (see FEBS Letters. 22± 312, 1987; 
etc 1 serum and plasma of mammals such as rat, cow. horse, snee? 

Proc. Nati. Acad. Sci. USA, 36. 5844. 1989. etc }. HGF, followed by sep- 

Aso. it is possitte to obtain HGF by a^?*^^^. curtured cell. etc.). Further, HGF can be 
aration and purification from the ^P^^^'J^'Siie coding HGF wrth a proper vector, inserting A 
obtained by gene engineering me^wr^^^^ 

irtoap«ip«ho«c*to^«i^^^ B 2^ , S2^ PatertN& s-mm Biochem. Bophys. R« 
of the transformant [e.g. Nature, 242, 440 1 ^ 9 J^;, i ^ and ^pus host cells conventionally used ,n gene 
Commun., IS. 967, 1989). The host celhs nd tsp^ca ly « ana ^ ^ flamBrt0UB ^ 

engineering methods can be used, which are. for example. Eschencn 

and plant or animal cells. HfiF . , issues ; B , for example, to administer cartoon 

Morespecrtically, the method of extracts ^^T^SSl*. 0** «• «> ^ * e ortina ? P ^ 
tetrachloride* a rat intraperitoneal "^^J^ , S "Sharose and heparin Sepharose. HPLC and 
tain purifying technique such as gel column chromatography ^ 

a vscTcTsuch as ^-^^^ ^ ^ and the liKe 

vector, animals cells such as Chinese halter J transformants. 

» are transformed, and HGF can be obtained from the culture > ^ of ^uned by other ammo 

,n thus obtained HGF. a part of the am.no r*J«^*™£Z> adds may be bonded to the N-.errmnal 
ac^s), archer amino acid sequ^^ 
and/or C-terminal. or sacchande chain(s) may likewise oeaereiw 

effect as HGF. . weoarat ion prepared by lyophilizing an aqueous soluton containing 

5 The -lyophilized HGF preparation" refersto a preparation prepa. ™ 

HGF by use of an ordinary lyophilfcng method. polysaccharides [*g. heparin, dextran stJfata, 

The 'stabilizer" includes amino ac * s < e -^f and two or more types thereof may be used simultene- 

more preferably 0.1 to 10 times by **ght and dtrate ^ The buffer acts to adjust the pHof the aque- 

The "buffer" includes, for example, phospha 6 for ^^e, inthe case of the recomb-nant HGF 

ous solution after reviving. ^^ B ^Z D H^^^^ Q ' t0 50 ^ pH J' ^ 
3, Sad in Examples, the solubility of ^ «™"JJ2£ K?5SS£iS«P *• PH around 5.0 to aa A pnM 
, h3 solubilrty is over 20 mg/m. ^S. buffer is used. This citrate buffer also ~nmrx.es to 

bufferisacKratebuffer.arx^^^^ 
zation of HGF in an aqueous solution after re-otssorving y 

mM to the amount of water after . □orvsorbate 20, polysorbate 80, pturonic F-68. and VWM™ 

The "surface active agent" includes, tor 9 ^ e J^*^* ^cu^ny preferred surface active 
glycol, ar>d two or more types thereof may be ^^^^^^ such as glass and resn. Therefore, by 
oLe 80. It is Known that HGF is W»"^££S£& the container is prevented. A f^-™£ 
adding a surface active agent, adsorptonrt HGF after to me weignt d water after re^Mhng. 

Sing airwunt of surface active agerrtisaOOlto^ 
« The'sodiumcNorKie-actetor^^ 

Examples, the solubility to enhanced ^f^fl^^'a^ addition of sodium chloride is limited by the 

. ^^^;^!&^••-*" , ■- 

of water after re-dissolving. u^hm™ an aaueous solution containing HGF by an ordinary 

The lyophilized HGF preparation is ^^.^^^J^^ sterilized water, buffer, physjolog- 
IvophUng n«thod. For example. HGF is delved in a n ^" rt^S. bufhr, surface active agent, sodium 

Sineetc.) ( fi«eredthroughaffltertobes^ 
55 cNoridearxfothersmaybead 

necessary for pharmaceutica ^^e unit operations, for example, (1) afreezing 
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restrained by solute under reduced pressure, and (3) a second drying step of removing the intrinsic adsorbed water and 
crystal water of solute (Pharm. Tech. Japan, 2U). 75-87. 1992). HGF is very stable when preparing a solution, when 
lyophilizing, and in an aqueous solution by re-dissolving the lyophilized preparation. The content of HGF may be prop- 
erty adjusted depending on the disease to be treated and route of administration. 

The lyophilized preparation is used by adding distilled water for injection and re-dissolving, before use. 

INDUSTRIAL APPLICABILITY 

The lyophiiized HGF preparation of the invention can stabilize HGF. and can be stored for a long period. 

EXAMPLES 

The invention is further described by presenting Examples, but it must be noted that the invention is not limited to 
these Examples alone. In the Examples, dLeHGF (f ive-amino acid depletion type HGF, also known as TCFII) disclosed 
in the publication of WO 90/10651 was used. 

Example 1 

Preparation of lyophilized HGF preparation 

In 10 mM citrate buffer (pH 5.0) containing 300 mM sodium chloride and0.0l%polysorbate80, HGF was dissolved 
by 20 mg/ml, and an aqueous solution of HGF was obtained asepticaJly. After adjusting the pH of the aqueous solution, 
it was aseptically charged into a vial, and lyophilized in the condition as shown in Table 1 , and a lyophilized HGF prep- 
aration was obtained. The arrow mark (-»■) in the table shows the temperature is changed. 



Table 1 





Freezing step 


First drying step 


Second drying step 


Temperature {°C) 


5-+ -40 


-40 


-40 ->0 


0 


0-»20 


20 


Time (hr) 


1 


10 


8 


24 


1 


24 


Pressure (mmHg) 


760 


760 


<1 


<1 


<1 


<1 



Example 2 

Preparation gf iyophilBefl.HGF preparation, 

A lyophilized HGF preparation was obtained by using 10 mM cilrale buffer (pH 6.0) instead of 10 mM citrate buffer 
(pH 5.0) in Example 1. 

Example 3 

Eararatto&gUTOphilized, HQF preparation, 

A lyophilized HGF preparation was obtained by using 10 mM phosphate buffer (pH 6.0) instead of 10 mM citrate 
buffer (pH 5.0) in Example 1. 

Example 4 

Preparation of lyophilized, JH.GF. preparation, 

A lyophilized HGF preparation was obtained by using 10 mM phosphate buffer (pH 7.0) instead of 10 mM citrate 
buffer (pH5,0) in Example 1. 
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Example 5 

Preparation of lyophilized HGF preparation 

5 In 10 mM citrate buffer (pH 5) containing 300 mM sodium chloride and 0.01% polysorbate 80, HGF was dissolved 
by 20 mg/ml. In succession, glycine was dissolved by 50 mg/ml. and a dissolved solution of HGF was obtained aseptj- 
cally. After adjusting the pH of the dissolved solution, tl was aseptically charged into a vial, and lyophilized in the same 
condition as in Example 1 and a lyophilized HGF preparation was obtained. 

10 Example 6 

Preparation of lyophilized HGF preparation 

A lyophilized HGF preparation was obtained by using alanine instead of glycine in Example 5. 

is 

Example 7 

Preparation pf lY<x>hi|iz,ed HGF preparation 

so In 10 mM citrate buffer (pH 5) containing 300 mM sodium chloride and 0.01% polysorbate 80, HGF was dissolved 
by 20 mg/ml. In succession, sorbitol was dissolved by 200 mg/ml, and a dissolved solution of HGF was obtained asep- 
tically. After adjusting the pH of the dissolved solution, it was aseptically charged into a via), and lyophilized in the same 
condition as in Example 1 and a lyophilized HGF preparation was obtained. 

25 Example 8 

Preparation of lyophilized HGF_pje paration 

In 10 mM citrate buffer (pH 6) containing 300 mM sodium chloride and 0,01% polysorbate 80, HGF was dissolved 
m by 1 0 mg/ml. In succession, dextran sulfate was dissolved by 50 mg/ml, the pH was adjusted, and a dissolved solution 
of HGF was obtained. It was then charged into a vial, and lyophilized in the same condition as in Example 1 and a 
lyophilized HGF preparation was obtained. 

Example 9 

35 

Preparation Of lyophilized, HGF preparation 

A lyophilized HGF preparation was obtained in the same manner as in Example 1 , except by using 1 0 mM citrate 
buffer (pH 6.0) instead of 10 mM titrate buffer (pH 5.0). and regulating HGF concentration at 10 mg/ml. 

40 

Test example 1 

Effects Ql lyophilizing process on biological activity pf HGF 

<s To observe changes in biological activity of HGF in the lyophilizing process, using HGF aqueous solution before 
lyophilization and HGF aqueous solution re-dissotved directly after lycphilizatjon in Example 1 , the biological activity of 
HGF was measured (the measuring method of biological activity is shown below). The results are shown in Table 2. 
Since the specific activity was not changed before and after lyophilization, ft is shown that the biological activity of HGF 
is not inactivated by the lyophilizing process and re-dissolving, which suggests that HGF is usable as a iyophilized prep- 

50 aratkin. 

Measuring method of biological activity , 

Hepatocytes obtained by liver perfusion of male Wistar rats were purified, and, after confirming the cell survrval 
« rate, seeded on a plate at 1 xiryWell. After pre-incubation for 20 hours in 5% carbon dioxide incubator, HGF sample 
and standard sample were added (n»3). After further pre-incubation tor 24 hours in 5% carbon dioxide incubator, [ 3 H- 
thymidine] was added to label for 2 hours. Celts were collected by a cell harvester, and the amount of [ a H] taken into 
cells was measured. Results of measurement were verified by a parallel line calibration method, and the specific activity 
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to the standard sample was determined. 



Table 2 



Biological activity before and after lyopriilization j 


Sample 


Specific activity 


Solution preparation before lyophilization 


0.89 


Lyophilized preparation immediately after re-dissolving 


0.94 



Test example 2 

Properties after dissolving lyophilized preparation 

75 

Lyophilized preparations prepared in Examples were stored for 1 month at -40"C, 2S°C, and 50°C, and dissolved, 
and properties of the dissolved preparations were observed visually. The lyophilized preparation wasdissoived by using 
purified water. Resurts are shown in Table 3. When stored at -WC or 25°C, the preparations of all Examples were sta- 
ble in the properties. When stored at 50"C. the preparation in Example 1 was turbid immediately after dissolving, but 
so preparations of Examples 5, 6 and 7 were stable in properties. 



Table 3 



Properties after dissolving lyophilized 
preparations (stored for 1 month) 


Preparation 


Properties J 




-40"C 


25°C 


50°C 


Example 1 


Gear 


Qear 


Turbid 


Examples 


Clear 


Gear 


Clear 


Example 6 


Gear 


Clear 


Clear 


Example 7 


aear 


Clear 


Clear 



Test example 3 

Polymer content change? in lyophiliz,«l preparation? 

40 

Lyophilized preparations prepared in Examples 1 , 5, 6 and 7 were stored for 1 month or 2 months at -40°C, 25°C, 
40 o C 1 and 50°C. and the ratio of polymer content and HGF content contained in the lyophilized preparations were 
measured. The measuring method is the gel filtration method as explained below. Resurts are shown in Table 4 and 
Table 5. Regardless of the storage temperature, a polymer production was low in the preparations of all Examples, and 
4$ the preparations were stable physically. In particular, the polymer production was extremely small in the preparations of 
Examples 5, 6 and 7, and the preparations were stable physically. 

Measuring method of polymer content 

so The concentration of HGF was diluted to 2 mg/ml. and was measured in the following conditions by the ge! filtration 
method. 

Column : TOSOH TSK G-3000SW XL (00.78x30 cm) 
Flow velocity : 0.5 ml/min 
ss Detection : OD 280 

Temperature : 25°C 

Carrier : 10 mM Tris, 150 mM NaCI, 0.05% SDS, pH 7.0 
Application : 20 ul 
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Retention time of polymer : 13.0 min 
Retention time of HGF : 14.4 min 



Table 4 



Polymer content/HGF content in lyophilized prepara- 
tions stored for 1 month 




■AQ'C 


25*0 


40°C 


50°C 


Example 1 


1.07% 


1.59% 


2.76% 


6.17% 


Examples 


0.92% 


1.39% 


1.83% 


4.09% 


Example 6 


0.93% 


1.54% 


1.81% 


2.90% 


Example 7 


0.90% 


1 35% 


2.57% 


6.64% 



Polymer content/HGF content in 
tiorts stored for 2 rr 


yophiiizet 


i prepara- 




-40°C 


25°C 


40°C 


S0°C 


Example 1 


0.92% 


1.44% 


3.91% 


12.23% 


Example 5 


0.88% 


1.21% 


2.49% 


7.49% 


Example 6 


0.85% 


1.10% 


1.96% 


5.76% 



so Test example 4 

Effects of dextran sulfate on polymer production 

The lyophilized preparation prepared in Example 8 was stored for 1 month at 50°C, and the ratio of polymer content 
and HGF content contained in the lyophilized preparations were measured. The measuring method was same as in 
Test example 3. As a comparative example, the lyophilized preparation of Example 9 prepared in the same composition 
and method except that dextran sulfate was not contained was used and tested similarly. The results are shown in Table 
6. As shown in Table 6, by adding dextran sulfate, it has been found that the polymer production was low even if stored 
at high temperature, and that the stability is enhanced. 



Table 6 



Polymer content/HGF content of lyophilized preparations 




Before start of storage 


After storage for 1 month 






at50°C 


Example 8 


2.46% 


9.45% 


Example 9 


1.78% 


14.01% 



SO 

Test example 5 

Changes of biological actjyrtY of lyophilized preparatigns 



ss Lyophilized preparations prepared in Examples 1 . S. 6 and 7 were stored for 1 month or 2 months at -AO'C, AO"C. 
50-C and 60°C. and the biological activity of the aqueous solution after re-dissolving the lyophilized preparations was 
measured by the biological activity measuring method shown in Test example 1 . The results are shown in Table 7 and 
Table 8. The initial values of biological activity of aqueous solutions after re-dissolving the preparations in Examples 1 . 
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5, 6 and 7 were respectively 1.01 ± 0.25, 0.91 ±0.18, 0.88 ± 0.05. and 1.03 ± 0.04. When stored at 60'C, a slightly low- 
ering tendency was noted in the biological activity, but when stored at 50'C or lower temperature, there was almost no 
change in the biological activity in the preparations of any Example, and the biological activity was stable. 



Table 7 



Biological activity of lyophilized preparations stored for 1 month 
(specific activity) 




-40°C 


40"C 


arc 


60°C 


Example 1 


0.96±0.13 


0.92±0.13 


0.81±0.07 


0.5410.05 


Examples 


0.8010.14 


0.9910.10 


0.80±O.16 


0.7210.03 


Example 6 


0.9210.14 


1.02±0.06 


0.94±0.08 


0.7810.03 


Example 7 


0.92±0.02 


0.97±0.04 


0.831O.06 





Biological activity of tyophilized preparations stored 
for 2 months (specific activity) 




-40°C 


40°C 


60"C 


Example 1 
Example 5 
Examples 


1.1410.14 
0.9510.05 
1.1110.14 


0.98±0.01 
0.84±0.09 
1.0910.03 


0.4&fc0.09 
0.5710.01 
0.5210.02 



Claims 

1. A lycpWIized HGF preparation. 

35 

2. The lyophilized HGF preparation of claim 1 , wherein the preparation contains a stabilizer. 

3. The lyopNIized HGF preparation of claim 2, wherein the stabilizer is glycine, alanine, sorbitol, mannitol. or dextran 
sulfate. 

40 

4. The lyopNIized HGF preparation of any one of claims 1 to 3, wherein the preparation contains a buffer. 

5. The lyophilized HGF preparation of daim 4, wherein the buffer is a citrate buffer. 

45 6. A lyophilized HGF preparation which contains a stabilizer, sodium chloride, a buffer, and a surface active agent 



ss 
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